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EFTECTS OF BOATTAIISD AFTEFBODIES ON BASE HEATING AND 

MOTOR m O D Y N A M I C  HINGE MOMENTS OF A ROCKET MISSILiE* 

By Robert A.  Wasko 

Base-region temperatures and rocket hinge moments were invest igated 
f o r  simulated missiles with boa t ta i led  af terbodies  i n  t h e  8- by 6-foot 
wind tunnel  of t he  Lewis Research Center. 

The bas ic  model w a s  a wing-supported body, approximately 8 inches 
i n  diameter, housing a 1000-pound-thrust rocket motor which used JP-4 
f u e l  and l i q u i d  oxygen as propel lants  and extended approximately 
0.32 body diameter beyond t h e  base.  

Tes ts  were conducted over a Mach number range of 0.8 t o  2 .0  f o r  a 
nominal rocket chamber pressure of 500 pounds per  square inch absolute,  
motor gimbal angles of 0 and -4O, and a range of angle of a t t a c k  and 
oxidant-fuel rat io .  

There wds no base heat ing f o r  any afterbody configuration through 
the  e n t i r e  range of var iables .  
t h a t  a s t r a i g h t  open-base afterbody with t h e  same rocket extension had 
base temperatures as high as 1000° F above tunnel  stagnation tempera- 
t u r e .  However, for both b o a t t a i l  configurations, a d i s t i n c t  pressure r i s e  
occurred on t h e  rocket ex terna l  surface near t h e  e x i t  plane.  This 
resu l ted  i n  rocket hinge moments f o r  a l l  conditions of nonzero angle 
of a t t a c k  and/or motor gimbal. 

Data presented i n  NASA TM X-82 ind ica te  

IXCRODUCTION 

It has been observed i n  both f l i g h t  measurements and wind-tunnel 
s tudies  t h a t  a t  transonic and supersonic speeds rocket missiles can 
suf fer  a base temperature r ise  due t o  entrainment and af terburning of 
j e t  gases i n  t h e  base region. An analysis of t h e  in te rac t ions  between 
the j e t  exhaust and the  f r e e  stream presented i n  reference 1 shows t h a t  
the entrainment of j e t  gases i s  a resul t  of t h e  i n a b i l i t y  of a port ion 
of t h e  gases i n  t h e  boundary of t h e  wake formed by the  j e t  mixing zone 
t o  negot ia te  t h e  wake pressure r i s e  and t h e  consequent r ec i r cu la t ion  
of these  gases i n t o  t h e  base region. 

*Tit le ,  Unclassified.  d S \ I \ E Q  
* 
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One method of eliminating the  base tenlperature r i s e ,  as reported 

i n  reference 2 ,  i s  t o  eliminate t h e  j e t  mixing zone as a boundary of 
the wake by extending the nozzle beyond the  base u n t i l  t h e  wake pressure 
r i s e  begins t o  appear on t h e  motor. However, the  extended nozzles were 
subjected t o  asymmetric ex terna l  pressures by motor gimbal and angle of 
a t t a c k  which resu l ted  i n  forces  on the  nozzle s t ruc ture .  

I n  the invest igat ion of reference 3, t h e  use of bleed scoops elim- 
inated entrainment of j e t  gases, and at least f o r  one configuration, 
d id  not r e s u l t  i n  addi t iona l  motor forces .  The engine compartment 
could be subjected t o  a temperature r i s e  due t o  ram compression at  
higher supersonic Mach numbers. 

Another technique, which conceivably could be used t o  prevent 
entrainment of je t  gases, i s  t o  b o a t t a i l  t h e  afterbody. The stream a i r  
would thus follow the  b o a t t a i l  contour and impinge on the motor provided 
t h a t  the b o a t t a i l  angles were not so la rge  as t o  lead t o  b o a t t a i l  flow 
separation. Impingement of t h e  f r e e  stream on t h e  motor would lead  t o  
t h e  external forces  on t h e  motor t h a t  occurred with t h e  extended nozzles. 
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This report  presents the  r e s u l t s  of a b r i e f  study i n  the 8- by 6- 
foot  supersonic wind tunnel of the  base-region temperatures and pressures 
f o r  a rocket missi le  model having boa t ta i led  af terbodies .  
of 11' and 15' angles a l t e r n a t e l y  replaced the s t r a i g h t  afterbody of 
reference 2 .  The rocket motor had a nozzle with an area r a t i o  of 8, used 
l i q u i d  oxygen and JP-4 f u e l  as propel lants ,  and operated a t  a nominal 
chamber pressure of 500 pounds per square inch absolute.  
included oxidant-fuel r a t i o ,  model angle of a t tack ,  and rocket gimbal 
angle at Mach numbers of 0.8, 1 . 4 ,  and 2 . 0 .  

Two b o a t t a i l s  

Test var iables  

APPARATUS AND PROCEDURE 

A simulated b a l l i s t i c  missi le  approximately 80 inches long and 
8 inches i n  diameter, having a cone-ogive nose and two interchangeable 
boat ta i led afterbodies,  was wing mounted i n  the  8- by 6-foot wind 
tunnel  of t h e  Lewis Research Center as shown i n  f igures  1 and 2 .  

The rocket motor used i n  t h i s  tes t  had a t h r u s t  of 1000 pounds, 
w a s  water-cooled, and used l i q u i d  oxygen and JP-4 f u e l  as propel lants .  
The motor could be gimballed t o  4' i n  the  p i t c h  plane about a point 
located 7.25 inches upstream of the  rocket e x i t  plane.  It w a s  essen- 
t i a l l y  the same as the  engine used f o r - t h e  invest igat ion reported i n  
reference 2 .  I n  an e f f o r t  t o  obtain da ta  which could be correlated 
with the straight-afterbody da ta  of reference 2 ,  a rocket extension 
of 2.53 inches (0.32 body diameter) w a s  used. The rocket nozzle w a s  
contoured as shown i n  f i g u r e  1 and had a j e t - e x i t  t o  th roa t  area 

6' 

J 

r a t i o  of 8 .  
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Two open-base af terbodies  of 1l0 and 15' b o a t t a i l  angle were used. 
Design and instrumentation d e t a i l s  a r e  shown i n  f igu re  3. The 11' boat- 
t a i l  angle w a s  t h e  minimum angle allowed by model geometry f o r  maintain- 
ing a rocket extension of 2.53 inches and providing s u f f i c i e n t  clearance 
a t  t h e  base f o r  motor gimbal requirements. The 15O b o a t t a i l  angle w a s  
considered t h e  m a x i m u m  angle t o  avoid separation of t h e  b o a t t a i l  flow. 
It w a s  an t ic ipa ted  t h a t  f o r  both boa t t a i l s  t h e  flow would impinge on the  
motor. 

Each b o a t t a i l  w a s  instrumented with Chromel-Alunel thermocouples 
i n  the  engine compartment and on the  base of t h e  afterbody. Radial t e m -  
perature  p r o f i l e s  1/2 inch downstream of the  base were measured with a 
rake of f i v e  equispaced thermocouples. 

Base pressure w a s  measured by four  equispaced s ta t ic -pressure  
o r i f i c e s .  External s ta t ic -pressure  d is t r ibu t ions  on the  top and bottom 
of the  rocket nozzle were obtained by means of s ta t ic -pressure  o r i f i c e s  
d i s t r i b u t e d  as shown i n  f igure  3. The combustion chamber w a s  i n s t ru -  
mented with a s ta t ic -pressure  o r i f i c e  for monitoring and recording 
combustion-chamber pressure.  

The rocket engine w a s  operated over an oxidant-fuel-rat io  range of 
approximately 1 .5  t o  2 .8  a t  a combustion-chamber pressure of 500 pounds 
per  square inch absolute. Based on nominal values of free-stream s t a t i c  

er pressure t o  free-stream stat ic  pressure 
free-stPeam Mach numbers of 2 .O, 1.4, 

The procedure for rocket igni t ion and operat ion and the  procedure 
and method of monitoring aad recording the  da ta  are iden t i ca l  with 
those of reference 2 and are presented i n  d e t a i l  t he re in .  
t u r e s  and pressures  presented here in  are f o r  s teady-state  conditions.  

All tempera- 

RFSULTS AND DISCUSSION 

Base-Region Temperature 

The e f f e c t  of oxidant-fuel r a t i o  on engine-compartment, base, and 
rake temperatures f o r  t h e  11' and 15' b o a t t a i l s  i s  shown i n  f igu re  4.  
The ordinate  of t h e  p l o t  i s  an incremental temperature defined as 

represents t h e  maximum value of t he  t e m -  
perature  at each of t he  measuring s ta t ions .  
t h e  appendix. ) 

= Tm, - TO, where T,, 
(Symbols a r e  defined i n  

For both configurations temperatures at a l l  measuring s t a t i o n s  

Average stagnation temperatures were 200°, 160°, and 140' F 
were within 40° F of tunnel stagnation temperatures f o r  a l l  Mach num- 
be r s .  
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a t  Mach numbers of 2 .0 ,  1 .4 ,  and 0.8, respect ively.  Angle of a t t a c k  and 
motor gimbal angle had no e f f e c t  on base-region temperatures. Data pre- 
sented i n  reference 2 indicate  t h a t  a straight open-base afterbody with 
t h e  s m e  rocket extension experienced base temperatures as high as 
1000° F above tunnel stagnation values. 

Base Pressures 

? 
e x i t  t o  free-stream s ta t ic -pressure  r a t i o .  Both with t h e  j e t  on and cn 
off  base pressures f o r  these  b o a t t a i l e a  af terbodies  were general ly  higher 8 
than base pressures f o r  a blunt-base afterbody configuration having the  
same extension r a t i o  as wel l  as la rger  extensions (see f i g s .  I l ( a )  t o  
( c )  of re f .  2 ) .  I n  addition, there  w a s  a s igni f icant  increase i n  boat-  
t a i l  base pressure from j e t  off  t o  j e t  on i n  contradis t inct ion t o  
straight-afterbody configurations ( r e f .  21, wh.ich at  these same j e t  
pressure r a t i o s  showed l i t t l e  change i n  base pressure.  

Base pressure r a t i o  i s  presented i n  f igure  5 as a function of j e t -  

Rocket-Motor External Pressures 

Distributions of jet-on motor external  pressure are presented i n  
f igure  6 ( a )  f o r  t h e  missi le  and motor i n  a neut ra l  a t t i t u d e  ( a ,  0; 
p ,  0 ) .  
on t h e  motor w a s  present a t  a l l  Mach numbers f o r  both b o a t t a i l s  and 
generally occurred approximately 1.5 inches upstream of t h e  rocket 
e x i t  plane. A blunt-base afterbody with t h e  same rocket extension d id  
not indicate a pressure rise on the  motor a t  any Mach number ( f i g .  1 2 ( a ) ,  
ref .  2 > .  

The ant ic ipated pressure r i s e  due t o  free-stream impingement 

The e f f e c t  of motor gimbal angle (a, 0; p,  -4') on ex terna l  pres- 
sure dis t r ibu t ion  i s  shown i n  f igure  6 ( b ) .  
achieved by pi tching the  nozzle upward about t h e  gimbal point ,  t h e r e  
e x i s t s  a s ign i f icant  pressure asymmetry between top and bottom sur- 
faces .  Furthermore, f o r  the  top  surfaces the  pressure r i s e  w a s  f a r t h e r  
upstream and higher than f o r  the  no-gimbal condition ( p ,  0 )  shown i n  
f igure  6(a). 
asymmetry of smaller magnitude e x i s t s  when t h e  miss i le  i s  a t  an angle 
of a t tack  ( p ,  0 ;  a, -so>. 

For a negative gimbal angle 

Data not presented show t h a t  a pressure-dis t r ibut ion 

Moments about t h e  motor gimbal point  were computed from t h e  motor 
A t  each o r i f i c e  s t a t i o n  (see f i g .  3) a l i n e a r  c i r -  ex te rna l  pressure.  

cumferential pressure d i s t r i b u t i o n  w a s  assumed between top  and bottom 
o r i f i c e s .  
at each s ta t ion.  A pos i t ive  moment i s  defined as t h a t  which tends t o  
p i t c h  the missi le  nose up. 

A normal force per un i t  axial length w a s  then determined b' 

J 
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Because of fabr ica t ion  tolerances,  both b o a t t a i l s  were geometri- 
c a l l y  asymmetrical. A s  a r e s u l t  of t h i s  and motor misalinement with 
t h e  model center l ine ,  hinge moments existed when t h e  missile and motor 
were i n  a n e u t r a l  posi t ion.  

The moment da ta  presented i n  figure 7 i n  the  form of motor moment 
coef f ic ien t  
e r r o r .  A t  each Mach number, the moment coef f ic ien t  computed for a con- 
d i t i o n  of zero angle of a t tack  and zero angle of gimbal w a s  considered 
a "tarell moment coef f ic ien t .  
moment coef f ic ien t  computed minus t h e  ta re  moment coef f ic ien t  a t  t h a t  
Mach number. 

Cm as a function of Mach number are corrected f o r  t h i s  

The da ta  presented then are t h e  a c t u a l  

The e f f e c t  of motor gimbal angle (a, 0; p, -4') on Cm i s  shown 
i n  f igure  7 ( a ) ;  t h e  e f f e c t  of angle of a t tack  (a,, -5'; p ,  0) on Cm 
shown i n  f igure  7(b) .  
t i v e  moments, while a negative angle of a t t a c k  resu l ted  i n  negative 
moments . 

i s  
A negative motor gimbal angle resu l ted  i n  posi- 

The combined e f f e c t  of gimbal angle and angle of a t t a c k  on Cm is  
shown i n  f igure  7 ( c ) .  It appears that the  pos i t ive  moments from motor 
gimbal counteract t h e  negative values from angle of a t tack ,  s ince t h e  
r e s u l t i n g  hinge moments are approximately t h e  algebraic  sum of those 
in figures 7(a )  and (b). 

For comparison, d a t a  are shown i n  figures 7(a)  and ( e )  for a 
straight afterbody with a 0.59 extension r a t i o  t h a t  were obtained from 
f igure  17 of reference 3 at t h e  condition of zero metered base-bleed 
flow. I n  general, the moment coeff ic ients  for t h e  straight afterbody 
and a 0.59 extension were l e s s  than those f o r  t h e  11' b o a t t a i l  motor. 
For a, = - 5 O  a n d ' p  = -4O, t h e  coefficient f o r  the  0.59 motor extension 
reversed sign, unlike t h e  b o a t t a i l  motor moment c o e f f i c i e n t .  
region temperatures f o r  t h e  0.59 extension, as reported i n  reference 2 ,  
were s l i g h t l y  grea te r  than the b o a t t a i l  base temperatures. 

Base- 

The da ta  f o r  a s t r a i g h t  afterbody with a 0.78 extension r a t i o  
were obtained from reference 2 .  For a = 0 and p = -4' at  Mach 2.0,  
the  motor moment coef f ic ien t  f o r  t h e  0.78 extension w a s  g rea te r  than 
t h e  11' b o a t t a i l  motor moment coefficient,  and a t  a = -5O, p = -4' 
reversed s ign as did f o r  the  0.59 extension, but  was negat ively 
l a r g e r  than t h e  l a t te r .  
reported i n  reference 2 are of the same magnitude as b o a t t a i l  base 
temperatures. 

Cm 
Base temperatures f o r  the  0 .78  extension 

Neither t h i s  invest igat ion nor the invest igat ions of the  s t r a i g h t  
af terbodies  (refs.  2 and 3) determined an optimum design from t h e  view- 
point  of low base temperature with minimum externa l  motor moments; 
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therefore ,  t he  r e l a t i v e  meri ts  of b o a t t a i l  configurations aid straight 
afterbodies with varying rocket extension r a t i o s  cannot be evaluated 
from figure 7 and the  preceding comments. Rather, for any of these  
afterbody configurations (except base-bleed-flow configurat ions)  low 
base temperatures a r e  concomitant with motor hinge moments. 

SUMMARY OF RESULTS 

The study of b o a t t a i l  afterbody e f f e c t s  on base heat ing and rocket 
hinge moments using a liquid-oxygen - JP-4 f u e l  rocket motor at Mach 
numbers of 0.8, 1 . 4 ,  and 2 . 0  indicated t h e  following: 

1. Base-region temperatures were of t h e  order of tunnel s tagnat ion 
temperature through t h e  e n t i r e  range of t e s t  var iab les .  

2 .  The boa t t a i l ed  af terbodies  of t h i s  study resu l ted  i n  a d i s t i n c t  
pressure r i s e  on the  motor due t o  free-stream impingement which l e d  -to 
motor hinge moments. 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, June 21, 1960 
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APPENDIX - SYMBOLS 

A a rea  

Cm 

D diameter 

engine aerodynamic moment coef f ic ien t ,  m/qAeZ 

2 dis tance  from engine gimbal point t o  nozzle e x i t  plane,  
7 . 2 5  i n .  

M Mach number 

m engine aerodynamic moment about gimbal point  due t o  engine 
ex terna l  pressure 

P t o t a l  pres  sure 

P s t a t i c  pressure 

q dynamic pressure 

T t o t a l  temperature 

U model angle of aktack 

P rocket engine gimbal angle 

Subscripts: 

b base 

C combust ion chamber 

e rocket e x i t  plane 

Z l o c a l  ex terna l  pressure on rocket motor 

m a x  m a x i m u m  

t rocket nozzle th roa t  

0 free-stream conditions 
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(a) Model mounted i n  tunnel t e s t  section. 

(b) 15' Boattailed afterbody. 

Figure 2. - Model photographs. 
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(a) 1l0 Boattail. 
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(b) 15O Boattail. 

F i  w e  3. - Afterbody and motor geometry and thermocouple and pressure instrumentation locations. 
?Dimensions a r e  i n  inches.) 
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